Introduction
HIV infections represent a major health threat. At present more than 35 million individuals worldwide are infected. 1 More than 10% of the HIV-infected persons recorded in the United States were unaware of their infection. 2 Currently available diagnostic tests for HIV are based on the detection of viral materials such as RNA or proteins and on the detection of HIV-specific antibodies using first line tests with high sensitivity and second line procedures with high specificity. 3 The identification of new neutralizing antibodies which protect against infection and results obtained from the analysis of antibody responses in HIV controllers and HIV vaccine trials indicate that a detailed investigation of antibody responses towards different viral antigens and epitopes may provide new information for the development of new immunological strategies for the treatment and prevention of HIV infections (e.g., antibody-based treatments, vaccines). [4] [5] [6] [7] [8] Evidence for the usefulness of multiplexed antibody analysis in the field of HIV comes from a recent study which analysed antibody responses in HIV-infected patients and subjects who participated in vaccine trials. A comprehensive set of small peptides derived from the virus envelope allowed the identification of antibody signatures that may be associated with protection. 9 In fact, multiplex immune assays based on micro-arrayed antigens and epitopes are currently revolutionizing the analysis of pathomechanisms as well as the diagnosis of several immunological diseases such as allergy, autoimmunity, infectious diseases and cancer. [10] [11] [12] [13] [14] [15] However, multiplex assays for the analysis of antibody responses against multiple HIVproteins and peptides are not available. Therefore, the aim of this study was the development of an HIV microarray containing a large panel of HIV proteins and peptides for the mapping and characterization of HIV-specific antibody responses towards multiple viral antigens and epitopes with minimal amounts of sample and short assay-duration. For this purpose, we employed the microarray-chip technology which we originally had developed for the diagnosis of allergy (i.e., Immuno solid-phase allergen chip, ISAC). 10 We prepared a set of HIV proteins and peptides derived from HIV-1 clade C, because this is the HIV-1 subtype that causes the majority of infections worldwide (48%). HIV-1 clade C is also the subtype that predominates in Sub-Saharan Africa, where the highest rates of infection are reported (4.7% infected adults) (UNAIDS global report 2013). 16 We demonstrate that the HIV microarray allowed the measurement of isotypes and IgG subclasses against a comprehensive set of proteins and peptides covering the clade C proteome.
Materials and methods

Synthesis, purification and characterization of HIV peptides
Overlapping peptides covering the amino acid sequence of gp120, gp41, VIF, REV, VPR and VPU from HIV-1 subtype C (isolate ZA.04.04ZASK146, hiv.lanl.gov #AY772699) were produced by solid-phase synthesis. The peptides were synthesized with the 9-fluorenyl-methoxy-carbonyl (Fmoc)-method (CEM-Liberty, Matthews, NC, USA and Applied Biosystems, Carlsbad, CA, USA) on PEG-PS preloaded resins (Applied Biosystems, Carlsbad, CA, USA). After washing with dichloromethane, peptides were cleaved from the resins in 19 ml trifluoroacetic acid, 0.5 ml silane and 0.5 ml H 2 O and precipitated into pre-chilled tert-butylmethylether. Peptides were purified by reverse-phase HPLC in a 10-70% acetonitrile gradient using a Jupiter 4 μm Proteo 90 Å, LC column (Phenomenex, Torrance, CA, USA) and an UltiMate 3000 Pump (Dionex, Sunnyvale, CA, USA) to a purity >90%. Their identities and molecular weights were verified by mass spectrometry (Microflex MALDI-TOF, Bruker, Billerica, MA, USA).
Expression, purification and characterization of recombinant HIV proteins
Recombinant gp120 from HIV-1 subtype C was purchased from Sino Biological (Beijing, People's Republic of China). . VIF and RR were purified with an inclusion body preparation protocol. 17 Stepwise dialysis was used to remove the denaturing agent and to refold the recombinant proteins. The identity of the proteins was verified by SDS-PAGE followed by Coomassie Brilliant Blue staining. In addition, His-tagged proteins were blotted onto Whatman Protran nitrocellulose (GE Healthcare Bio-Sciences, Uppsala, Sweden) and detected with mouse α-His IgG (0.2 μg ml −1 ) (Dianova, Hamburg, Germany) followed by incubation with alkaline-phosphatase-labelled rabbit α-mIgG (0.5 μg ml −1 ) (BD, Franklin Lakes, NJ, USA). Mass spectrometry was performed to verify the molecular mass of recombinant proteins (Microflex MALDI-TOF, Bruker). The secondary structure of the proteins was measured by circular dichroism spectroscopy on a Jasko J-810 spectropolarimeter (Japan Spectroscopic, Tokyo, Japan) at a protein concentration of 0.1 mg ml −1 in 10 mM sodiumphosphate. 17 The biochemical properties of the recombinant HIV proteins were calculated from their amino acid sequence with ProtParam (http://web.expasy.org/protparam/).
Control proteins, labelling of detection antibodies and spotting of the HIV microarray
Human serum albumin (HSA) and bovine serum albumin (BSA) were purchased from Behring (King of Prussia, PA) and Sigma-Aldrich (St. Louis, MO), respectively. Recombinant VP1 of Rhinovirus 89 (VP1 89) was expressed as His-tagged protein.
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Allergens and fluorescence-labelled BSA were from Phadia Austria GmbH (Part of Thermo Fisher Scientific ImmunoDiagnostics, Vienna, Austria). Detection system controls were: huIgG 1 , huIgG 2 , huIgG 3 , huIgG 4 (Sigma-Aldrich); huIgG, huIgA, huIgM (Jackson ImmunoResearch, West Grove, PA) and huIgE, isolated from a pool of plasma and sera from different patients by anti-IgE affinity chromatography. 19 Anti-huIgG (Phadia-Thermo Fisher), α-huIgG 1 , α-huIgG 2 and α-huIgA (Becton Dickinson, Franklin Lakes, NJ) and α-HSA antibodies (Sigma-Aldrich) were labelled with DyLight 650 (Pierce, Thermo Fisher Scientific, Rockford, IL, USA). α-huIgG 3 (Sigma-Aldrich), α-huIgG 4 , α-huIgM (Becton Dickinson) and α-huIgE (Phadia-Thermo Fisher) were labelled with DyLight 550 (Pierce, Thermo Fisher Scientific).
Cleaning and coating of glass slides was performed as described by Harwanegg et al., 20 In brief, microscopy glass slides were sonicated in acetone and then in a 1% Alconox solution (Sigma-Aldrich) to clean the surface. The glass surface was then made reactive for primary amine groups using a silylation procedure, 21 then the silane layer was heated, cooled and an amine-reactive complex organic polymer was added. 20 Table 3 were additionally tested for the calibrator serum by ImmunoCAP. A calibration curve was generated relating fluorescence intensities derived from scanning the microarrays with antibody levels measured by
ImmunoCAP. Due to the semi-quantitative character of antibody levels measured by microarray, results are given in ISAC standardized units (ISU). 24 The Phadia Microarray Image Analysis software was used to evaluate the measurements, to calculate the mean fluorescence intensities of triplicate analyses and to calibrate the results.
Background signals, intra-and inter-batch variation and data analysis
Background reactivity of fluorescence-labelled α-huIgG towards components spotted on the HIV microarray was determined by testing seven replicates of sample diluent alone. Variation among microarray measurements performed on the same day and on two consecutive days was analysed testing IgG reactivity of 4 and 3 replicates of the calibrator serum, respectively. Microarrays of the same lot were used in both cases. Mean coefficients of variation (CV = SD/mean) and signal-to-noise ratios (SNR = mean/SD) were calculated from ISU for component-specific reactivities. Serum titration experiments were performed testing HIVpositive and control samples at dilutions 1 : 10, 1 : 50, 1 : 100, 1 : 200 and 1 : 400. The cut-off for positive reactivity was set at 3 ISU, based on comparison with negative controls. For data analysis, the background signal of each antigen was subtracted from the measured reactivity. The distribution of the reactivity of the detection antibodies towards spotted antibody controls was analysed with GraphPad Prism (La Jolla, CA, USA). For each HIV-derived component differences between IgG levels of HIV-positive samples and controls were analysed by Mann Whitney U tests; receiver operating characteristic (ROC) curves (x-axes: 1-specificity; y-axes: sensitivity) were generated and the respective area under the curve (AUC) values were calculated (GraphPad Prism). Median antigen-specific IgG levels measured in African and European HIV-positive sera were calculated (GraphPad Prism). Differences between IgG reactivities of the two populations were analysed by Mann Whitney U tests (IBM SPSS-Statistics, Version 20.0, IBM Corp, Armonk, NY, USA).
Comparison of microarray-and ELISA-based determination of HIV-specific IgG levels
IgG levels of sera from 15 African HIV-positive, 15 European HIV-positive and 10 control subjects tested with the HIV microarray, were determined also by ELISA. Sera diluted 1 : 200 in PBS, 0.5% BSA, 0.05% v/v Tween 20 (PBST) were tested on plates coated overnight at 4°C with 2 μg ml −1 of peptides/proteins in 100 mM sodium bicarbonate buffer pH 9.6, after blocking for 4 h at room temperature (2% BSA, PBST). After washing with PBST, bound antibodies were detected by 1 h incubation with HRP-labelled α-huIgG (1 : 5000, 0.5% BSA, PBST). The colour reaction induced with 2,2′-azino-bisĲ3-ethylbenzothiazoline-6-sulfonicacid)di-ammoniumsalt was measured as optical density (OD 405 nm − OD 490 nm ). Antibody levels measured with the HIV microarray (ISU) were plotted against levels measured by ELISA (OD) for the single peptides/proteins tested and correlation coefficients (R 2 ) were calculated in Excel.
Results
Design of a chip containing a comprehensive set of micro-arrayed peptides and proteins of the HIV-1 clade C proteome
The HIV chips consist of glass slides containing six microarrays surrounded by a Teflon frame which allow the simultaneous application of six independent samples (Fig. 1a, b ). 24 The Teflon frame was made in oval shape to allow incubation on a rocking plate so that serum samples can better access the areas in the outer parts of the arrays. Each HIV microarray was designed to contain proteins and peptides from HIV-1 clade C and control components (i.e. antigens from other sources for which calibration sera were available such as VP1 from human rhinovirus, allergens or antigens which served as positive controls such as purified antibody isotopes, subclass dilutions) (Fig. 1c , Tables 1-3) . Among HIV components, two panels of synthetic overlapping peptides from the envelope proteins gp120 and gp41 were included to map linear epitopes of envelope-specific antibodies (Table 1 ; Fig. 1c, left) . Recombinant folded glycosylated envelope proteins were included together with folded structural, functional and accessory proteins to characterize HIV-specific conformation-dependent antibody responses ( Table 2 , Fig. 1c, left) . Additionally, to map linear epitopes of accessory proteins we included peptides derived from VIF, VPR, VPU and REV (Table 1; Fig. 1c, right) .
Control components included: i) calibration components for which the amount of IgG antibodies contained in a calibrator serum had been determined by quantitative ImmunoCAP measurements (Table 3) ; ii) detection system controls, consisting of sequential dilutions of purified human antibody preparations (IgG, IgA, IgM, IgE) and purified monoclonal human IgG subclasses (IgG 1-4 ); iii) positive controls (e.g. allergens showing IgE, IgG 1 , IgG 4 , IgG 2 reactivity, human rhinovirus-derived VP1 showing IgG 1 , IgG 3 , IgA, IgM reactivity with the calibrator serum) and negative controls (HSA, BSA); iv) fluorescence-labelled BSA molecules as "guide-dots" for software-based evaluation (Fig. 1c) .
The identity and quality of each of the produced peptides and proteins were examined before spotting. Mass spectrometry analyses showed that the peptides had the correct molecular mass; SDS-PAGE followed by Coomassie Brilliant Blue staining and Western-blot confirmed the identity and purity of the recombinant proteins (i.e., >95%). Furthermore, circular dichroism measurements showed that each of the recombinant HIV-1 clade C proteins was folded (Table 2) . Thus, the current HIV microarray contained 147 components, of which 72 were derived from 14 different HIV proteins. All This journal is © The Royal Society of Chemistry 2015 components were spotted in triplicates in order to obtain three independent determinations in each experiment (Fig. 1c) .
The HIV microarray allows sensitive and specific detection of antibodies towards a comprehensive set of proteins and peptides with minute serum volumes and short assay duration Antibody detection on the chip involves a washing step followed by application of the serum sample, washing, detection of bound antibodies with fluorescence-labelled antibody conjugates, washing and scanning requiring less than 3 hours (Fig. 1b) . Thus, less than 50 μl of serum allowed determining the specificities of all antibody classes and subclasses to 72 HIV derived proteins and peptides in triplicate analyses.
On scan-images the bound antibodies could be clearly identified as dots of varying intensities and HIV-specific profiles could be used to discriminate HIV-positive from control samples (Fig. 2a, upper and mid panels) . Tests performed with sample diluent alone showed specific binding of the IgG detection system towards the spotted antibody controls (IgG, IgG 1-4 , IgE-containing preparation) but no nonspecific binding towards any of the other components (Fig. 2a, lower panel) . To relate scanned fluorescence levels to amounts of antibody present in serum samples, we determined specific IgG levels of a calibrator serum with the HIV microarray and with quantitative ImmunoCAP (Fig. 3a) . The results obtained were used to generate calibration curves and to convert fluorescence levels into ISAC standardized units (ISU). When the calibration curve could be approximated to a linear function, the amount of IgG (μg) per ml of serum could be calculated with the formula [μg IgG per ml = ISU × serum dilution factor/1000]: this was observed for values up to 6 ISU, which corresponds to 0.3 μg IgG per ml of serum (Fig. 3a) .
Intra-and inter-assay replicates of calibrator serum were measured with high reproducibility, as characterized by mean coefficients of variation (CV) <1 ISU (i.e., 0.36 and 0.38) and signal to noise ratios (SNR) >1 ISU (i.e., 8.3 and 5.5). Intraand inter-assay variation were even lower when analysed for IgG levels greater than 35 ISU (CV = 0.15, SNR = 12.4 and CV = 0.13, SNR = 33.6, respectively).
Background reactivity was measured by incubating arrays with sample diluent alone (n = 7). The signals ranged between 0.0 and 0.14 ISU, confirming the absence of nonspecific binding of the detection system. Assessment of the reactivity of anti-huIgG detection antibodies towards spotted antibody controls of different isotype and IgG subclasses a Based on the amino acid sequence, calculated with ProtParam, Expasy. Abbreviations: kDa, kilo Dalton; CD, circular dichroism; α, alphahelical structure, β, beta-sheet structure; E. coli, Escherichia coli; β-met, β-mercaptoethanol; Na-phosphate, sodium phosphate. showed specific and concentration-dependent binding of the fluorescence-labelled anti-huIgG antibody (Fig. 3b) . We then performed serum titration experiments with HIV-positive sera at dilutions of 1 : 10, 1 : 50, 1 : 100, 1 : 200, 1 : 400 that identified 1 : 50 as a suitable serum dilution (Fig. 3c) . Thus, 0.6 μl of serum were sufficient for the determination of IgG reactivities towards the panel of spotted components.
Next we tested 62 HIV-positive sera and 15 control sera, replicates of the calibrator serum (n = 2) and sample diluent (n = 2). Ranges and median IgG levels for each of the HIV components are shown in Table S1 . † IgG levels to micro-arrayed HIV-derived peptides and proteins were significantly higher in HIV-positive samples than in controls for all components, except 120/01, 120/07 and VIF/08 (Table S1 †). To estimate the use of microarrays for diagnostic purposes, we analysed sensitivity and specificity for each HIV-derived component with ROC curves (Table S1 † 
Comparison of the HIV microarray with ELISA
For HIV components that had high median IgG levels and AUC > 0.98 we compared IgG levels determined by microarray with results obtained by ELISA measurements (Fig. 4) . A positive correlation was found between the two assays for peptides 120/15, 120/24, 41/04, 41/05 and proteins gp120, MA and CA. Interestingly, IgG levels against two peptides 120/16 and 41/06 were detected only when immobilized on the microarray but not by ELISA and were specific for HIV-infected patients. The lack of IgG binding to the peptides by ELISA may be due to the fact that the peptides 120/16 and 41/06 did not bind to the ELISA plate.
IgG levels against gp120 were lower when detected on the microarray than by ELISA and were lower than envelope peptide-specific responses (Fig. 5 ). This could be due to the fact that proteins and peptides were immobilized at the same concentration. Thus, a smaller number of molecules was spotted in case of high molecular weight proteins such as the proteins gp120 and gp41, in comparison to low molecular weight peptides. Another possible explanation for the low reactivity compared to ELISA could be a lower binding of gp120 and gp41 to the chip surface. Finally, it is possible that the carbohydrate moieties on gp120 and gp41 blocked reactivity of peptide-specific antibodies or that these peptides represent cryptic epitopes which were not fully accessible on the intact glycosylated proteins used by us.
The HIV microarray allows mapping of IgG reactivity profiles towards a comprehensive set of HIV-proteins and peptides representing the proteome of given strains
Next, we tested the antibody recognition profiles of HIVinfected patients from an African region where clade C is predominant (i.e., Zimbabwe) 25 and compared it with that of patients from a region were HIV-1 clade C is not endemic (i.e., Europe). 26 We found that clade C-derived envelopederived peptides (Fig. 5a ) and HIV proteins (Fig. 5b) were recognized by African and also European HIV-infected patients. The highest median IgG levels were observed in both populations towards gp120-derived peptides 120/15, 120/16 and 120/24, gp41-derived peptides 41/04, 41/05, 41/06 and gp120, MA, CA and PR proteins (Fig. 5a, b) . Strong antibody reactivity was observed in both populations also towards 41/07 and 41/17 (Fig. 5a ). Control subjects without HIV infections showed no binding to the micro-arrayed components except towards peptide 120/01, which covers the signal peptide of the protein, and occasional reactivity was found in single sera towards peptides 120/04, 120/10, 120/18, 41/03 and 41/10. IgG levels towards peptides derived from HIV accessory proteins were low in both African and European HIV-infected populations (Fig. S1a †) . Common peptide epitopes recognized by African and European patients were VPU/01, VPU/02 and REV/03. Peptides VIF/04, VIF/05, VIF/07 showed IgG reactivity with single sera from control subjects. IgG responses towards control components to which most subjects are exposed (i.e., allergens and VP1) were found in Fig. 4 Comparison of microarray-and ELISA-based determination of HIV-specific IgG. IgG levels measured by microarray, expressed in ISAC standardized units (ISU, y-axes) are plotted against IgG levels determined by ELISA as optical densities (OD, x-axes) for peptides/proteins with an AUC (area under the curve) >0.98 and high median IgG levels. HIV-infected patients as well as in control individuals (Fig. S1b †) .
The HIV microarray can be used to measure HIV-specific antibody responses for various isotypes and IgG subclasses
We also evaluated if the HIV microarray could be used for detection of HIV-specific IgG subclasses (i.e. IgG 1 , IgG 2 , IgG 3 and IgG 4 ) and for detection of specific IgA, IgM and IgE responses in sera from HIV-infected patients. Fig. 6 shows examples of scan-images of microarray-based antibody determinations of an HIV-positive and a control serum. In the HIVpositive serum sample shown, specific IgG and IgG 1 antibodies were found towards many of the HIV-derived components, whereas specific IgG 3 , IgA and IgM reactivity occurred only towards certain HIV-derived and allergen components (Fig. 6) . In serum samples from other HIV-infected patients we detected also IgG 2 and IgG 4 subclass responses towards HIV antigens/peptides, whereas we found so far no IgE responses against HIV components (Gallerano et al., unpublished data).
The HIV microarray for monitoring the specificities and magnitudes of HIV-specific antibody responses during the course of disease and treatment
Next, we studied if the HIV microarray could be used to monitor HIV-specific IgG responses during the course of disease and treatment. For this purpose we analysed IgG reactivity towards micro-arrayed peptides/proteins of 15 HIV-infected African patients from whom sera were available at different time-points (i.e., 47 serum samples from different time points). In this set of experiments sera from 15 control serum samples and sample diluent alone were tested as negative controls. Interestingly, most of the HIV-infected patients preserved their antibody recognition patterns (i.e., specificities, levels) over time (Fig. S2 †) . For single cases specific antibody reactivities were detected only at certain time-points (e.g., Pat #8: gp41; Pat #9: 120/24, 41/11, REV/01; Pat #12: envelope peptides, MA, CA, PR). Fig. 7 shows two of these examples (patients #8, 9), which were analysed in relation to immunological, clinical and treatment parameters. For patient #8 (Fig. 7a) four serum samples, taken over a period of 21 months, were analysed. Despite drops of the CD4 counts at the times when the second and third blood samples were taken, the IgG recognition profiles remained almost unchanged and there were no strong alterations regarding the levels of IgG responses towards the tested peptides and antigens. Only a few changes were noted. For example, IgG levels towards 120/24 and 41/02 decreased over time and 120/16-specific IgG levels went down in the second serum sample and increased in the third and fourth sample. gp41-specific IgG was only detectable in the third serum sample but not in the others. In patient #9 (Fig. 7b) , who had a stable treatment response (CD4 counts >500 cells mm −3 and VL decreasing <50 copies ml −1 ), we also observed a rather conserved antibody recognition profile. Again, only a few changes were noted. For example, in the second serum sample IgG levels towards 41/11 and 41/17 decreased (60-fold and 4-fold, respectively) and high IgG levels were measured towards 120/14, 120/24, 41/07, gp120, MA and REV/01, although IgG was absent or low to these peptides/proteins at the other time-points. The results thus demonstrate that HIV microarray allows detecting changes of epitope specificity in longitudinal assessments in given individuals.
Discussion
We developed HIV chips containing six microarrays, on which a large panel of proteins and peptides of the HIV-1 clade C proteome were immobilized for the analysis of HIV-specific antibody responses. The miniaturized assay allowed the measurement of IgG, IgG subclass, IgM, IgA and IgE responses towards a broad panel of HIV peptides and proteins, with minimal amounts of spotted antigens (i.e., 50-200 fg), minute volumes of serum (i.e., 0.6 μl for IgG, IgG 1 , IgA, IgM; 3.0 μl for IgG 2-4 , 30 μl for IgE measurements), consuming low amounts of detection antibodies (i.e., 0.03 μg) and in short assayduration (i.e. <3 h). To test IgG reactivity to the same ), viral loads (VL, copies ml , n.t., not tested) and IgG levels (y-axes: ISU) towards gp120 peptides, gp41 peptides, HIV proteins and accessory protein-derived peptides (bottom line: colour code).
72 HIV-derived components and a control component, immunoassays such as ELISA and Western-blot would require approximately 0.4 μg of protein/peptide, 50-80 μl of serum (considering a serum dilution 1 : 200) and 0.6-1.0 μg detection antibody. With assay durations of 2-3 days for ELISA, only 20-80 tests per week could be performed manually by one person towards the same set of antigens in comparison to 600 tests per week that can be analysed by the microarray technology described here. Furthermore automated processing of a large number of chips is currently being developed.
The HIV microarray may well be used also for serological diagnosis of HIV infections but it must be born in mind, that currently available screening procedures that combine different antigen-antibody assays and nucleic acid based assays offer extremely high sensitivity and specificity. [27] [28] [29] [30] [31] Nucleic acid-based tests and tests focusing on the p24 antigen are particularly important for testing when antibody production is not yet detectable in patients shortly after infection and when the host's immune system is compromised. 32, 33 Another focus in diagnostic testing is the discrimination of HIV-1 and HIV-2 infections 33 and the availability of tests that can be used for point of care testing and in countries under difficult conditions where laboratory facilities are lacking and costs are an important issue. 34, 35 Fast and comprehensive immunoassays such as the HIV microarray may therefore address another increasing need of the scientific HIV-research community. Multiplex tests will be useful for the screening of large numbers of samples in prevalence, population studies and vaccine trials. In fact it has been shown that multiplex assays deciphering immune antibody signatures towards a large panel of HIV antigens and epitopes may allow identifying protective immune responses. 9, 36 One possibility to assess simultaneously antibody responses towards several antigens and epitopes as well as towards antigenic structures from different microorganisms is the use of various forms of microbeads containing different antigens. [37] [38] [39] [40] However, with bead technology only a limited number of different antigens can be tested whereas the use of microarrays allows testing simultaneously for much larger numbers of antigens. The HIV microarray developed by us contained 147 different components, which may be further increased by number. We noted that the micro-arrayed HIV-1 clade C peptides and proteins not only allowed mapping of HIV-specific antibody recognition profiles both in HIV-infected patients from an African region where clade C is endemic, but also in patients from Europe where clade B predominates. At present our micro-array comprised only clade C peptides and proteins but it may be considered to expand the repertoire of spotted components to include also antigens and peptides from other strains in order to test if we can identify strain-specific antibody signatures. At present the chip contains structurally folded recombinant HIV proteins as well as unfolded peptides and thus allows detection of antibody responses towards conformational as well as sequential epitopes. It may be also considered to expand the antigen repertoire regarding carbohydrate epitopes and glycoproteins. We think that the HIV microarray is a suitable tool for the mapping of antibody responses towards HIV-derived peptides and also HIV recombinant proteins in large patient cohorts and trials and in populations from different geographic regions. The possibility to measure various isotypes and IgG-subclasses against a comprehensive set of HIV antigens and peptides in serum samples and other body fluids may also provide new information for the development of new therapeutic strategies. For example, the assessment of different Ig isotypes and IgG subclasses may be important because they are relevant for the effector functions of these antibodies and thus in virus defense (e.g., complement activation, ADCC, etc.). Several studies indicate that certain isotypes/subclass responses may be associated with infection control or bad prognosis. For example, protective effects were suggested for gp120-specific IgG 3 in the RV144 vaccine trial 41 or for gp41-specific IgG 2
antibody responses regarding persistence of long-term nonprogression. 42 HIV-specific IgA responses are found in sera and mucous secretions of HIV-infected patients (e.g. genital secretions, saliva) and in breast milk of infected mothers. 43, 44 Micro-arrayed HIV components may therefore be interesting to study the fine specificities of these responses and to relate them to clinical findings. First results from our study indicate that the HIV microarray can be used to detect changes of epitope specificity in longitudinal assessments in given individuals. Interestingly, we found changes in antibody recognition profiles even when plasma viral loads were undetectable. It is thus possible that the presence of HIV cellular reservoirs in anatomical compartments other than blood boosts antibody production and/or that long-lived plasma cells continuously secrete HIV-specific antibodies. [45] [46] [47] [48] Unfortunately detailed PCR data from the investigated subjects were not available for a comparison with the antibody signatures. However, any direct comparison of nucleic acid-based tests and tests measuring specific antibodies must be considered difficult because nucleic acid-based tests will measure already the presence of a microorganism whereas antibody-based tests reflect the host immune response against the microorganism. In summary we believe that the HIV chip will be valuable for the analysis of isotype and subclass responses towards a comprehensive panel of HIV components and thus may be useful for gaining new insights into HIV-specific immune responses, for diagnosis and monitoring of treatment strategies.
Conclusion
The HIV chip offers a miniaturized platform containing a comprehensive set of antigens and peptides covering the HIV proteome for the assessment of the specificity and magnitude of HIV-specific IgG, IgG-subclass, IgA, IgM and IgE responses. We showed that the HIV microarray allows diagnosis as well as monitoring of HIV-specific antibody responses during the natural course of infection and treatment. The HIV multiplexed immunoassay will be particularly useful for the mining of complex protein and peptide-specific antibody signatures in populations, cohorts and vaccine trials.
